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ABSTRACT 

We study the relation between the internal structure of early-type galaxies and their environment 
using 70 strong gravitational lenses from the Sloan ACS Lens Survey (SLACS). The Sloan Digital Sky 
Survey (SDSS) database is used to determine two measures of overdensity of galaxies around each 
lens: the projected number density of galaxies inside the tenth nearest neighbor (Sio) and within a 
cone of radius one h~ x Mpc (Di). Our main results are: 1) The average overdensity is somewhat 
larger than unity, consistent with lenses preferring overdense environments as expected for massive 
early-type galaxies (12/70 lenses are in known groups/clusters). 2) The distribution of overdensities is 
indistinguishable from that of "twin" non-lens galaxies selected from SDSS to have the same redshift 
and stellar velocity dispersion a*. Thus, within our errors, lens galaxies are an unbiased population, 
and the SLACS results can be generalized to the overall population of early-type galaxies. 3) Typical 
contributions from external mass distribution are no more than a few per cent in local mass density, 
reaching 10-20% (~ 0.05 — 0.10 external convergence) only in the most extreme overdensities. 4) No 
significant correlation between overdensity and slope of the mass density profile of the lens galaxies 
is found. 5) Satellite galaxies (those with a more luminous companion) have marginally steeper mass 
density profiles (as quantified by /sie = ^/csie = 1.12±0.05 vs 1.01 ±0.01) and smaller dynamically 
normalized mass enclosed within the Einstein radius (A log MEm/Afdim differs by —0.09 ± 0.03 dex) 
than central galaxies (those without). This result suggests that tidal stripping may affect the mass 
structure of early-type galaxies down to kpc scales probed by strong lensing, when they fall into larger 
structures. 

Subject headings: gravitational lensing — galaxies: elliptical and lenticular, cD — galaxies: evolution 
— galaxies: formation — galaxies: structure 



1. INTRODUCTION 

The observed properties of galaxies correlate with 
their environment. For example, the mix of mor- 
phological t ypes depend on t he local number density 
of galaxies flDresslerl Il980al |bl: IFostman k. Gellerl Il984t 
Dressier et all Il997t iTreu et all l2003l [Postman et al. 
2005tlSmith et al.ll2005HCapak et al.ll2007tlCassata et al. 
20071 ) and dark matter ([Lane et al.M2007f ). with ellipti- 
cal galaxies dominating in high density regions. The 
star-formation rate and colors of galaxies also scale with 
their local number density, or distance from the cen- 
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ter of clusters (e g..lBal"ogh et al.ll20"ol iGoto et al.ll2003l : 
iHogg et al.ll200l iCooper et al.ll2008h . 

The physical origin of these environmental trends has 
been studied for over thirty years. A number of mech- 
anisms have been proposed to shut off or trigger star- 
formation as well as to modify the mass-dynamical 
structure of galaxies. They include interactions with 
other galaxies (mergers or harassment), with the dark- 
matter potential of clusters and groups (tidal stripping; 
tidal compression, harassment) and with the intracluster 
medium when present (starvation or strangulation, ram 
pressure stripping). A review of the main mechanisms, 
their effects on galaxies, and the ran ge of environment s 
over which they operate is given bv ITreu et al.l (|2003f ). 
Although the interaction between galaxies and their envi- 
ronment is not yet fully understood, comprehensive anal- 
yses of large imaging and spectroscopic datasets over a 
range of environments and cosmic times have shown that 
a variety of mechanisms are at work, starting from the 
very outskirts of clusters. Physical processes such as star- 
vation and harassment start to be effective at the group 
stage or when galaxies infall onto clusters as groups, be- 
yond the cluster virial radius. At higher densities other 
mechanisms such as ram pressure stripping become ef- 
fective, further modifying the properties of galaxies. 

To complement the progress based on traditional lu- 
minous tracers of star-formation and morphology, it is 
clear that one can gain additional insights by follow- 
ing the modifications to the mass-dynamical structure 
of galaxies induced by the environment. Empirical seal- 
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ing laws connecting stellar populations with kinematics, 
such as the fundamental plane and the Tully Fisher re- 
lation, have suggested mild trends of the star-formation 
history of early- type galaxies with environment, and that 
spiral galaxies are dy namically perturbe d as they enter 
massive clusters (e.g. iMoran et all I2007L and references 
therein) . 

Gravitational lensing provides an additional tool to ad- 
dress the connection between galaxies and their environ- 
ment. By measuring total mass directly — rather than 
through optical tracers — gravitational lensing gives a 
direct handle on the transformations of the mass dynam- 
ical structure. For example, weak galaxy-galaxy lensing 
studies in clusters have shown that dar k-matter halos of 
infalling galaxies are tidally truncated (iNataraian et all 
I2002al IGavazzi et al.112001 iNataraian et al.ll2007f) . 

In this paper we exploit the large and homogeneous 
sample of strong gravitat ional lenses discovered by the 
Sloan L enses ACS Survey ([Bolton et al. 2006; Tre u et all 
20061: iKoopmans et all 120061: IGavazzi et~aH 120071: 
Bolton et all l2008at iGavazzi et all 120081 : IBolton et al I 
2008bJ, hereafter collectively SLACS, or SLACS Papers I 
through VII) to study the connection between environ- 
ment and mass-dynamical structure at the typical scale 
of galaxy strong lensing (i.e. ~ lOkpc). At these scales 
the mass distribution is more directly connected with 
morphology and stellar populations than at the larger 
scales probed by weak lensing. 

Two main effects are expected. On the one hand 
we expect that tidal truncation by an external po- 
tential could steepen the local mass dens ity slope, as 
suggested for the case of PG 1115+080 (llmpev et al.1 
119981: [Treu fc KooW ans 2002b), by numerical simula- 
tions (|Dobke et al.ll2007T ). and b y an analysis of the first 
15 lenses in the SLACS sample (|Augerll2008l ). If this is 
the case, then we would expect empirical scaling relations 
— such as the correlation between velocity dispersion of 
the best fit lens model and stellar velocity dispersion and 
the mass plane (MP; IBolton et al.l [2007h — to depend 
on the environment. On the other hand, since lensing 
only measures projected mass, a high density environ- 
ment with a relatively smooth and shallow embedding 
dark-matter halo could mimic a shallower local slope and 
therefore skew measurements in the opposite direction. 
One of the goals of this paper is to clarify these issues in 
order to improve our understanding of the internal struc- 
ture of lens galaxies, and therefore of early-type galaxies 
in general if lenses are an unbiased subset. 

In addition to providing a diagnostic of the interac- 
tion between galaxies and their environment - and of 
the internal structure of early-type galaxies - this study 
also has repercussions for a number of applications of 
gravitational lensing. For example, the degeneracy be- 
tween local mass density slope and external mass den- 
sity is the dominant source of error in measuring the 
Hubble Constant from gravitational time delays (e.g., 
Kochanek 2002; Koopmans et al. 2003; Moustakas et al. 
20071 : IOgurill2007t ISuvu et al.ll2008f l Discovering trends 
with the local environment may help reduce systematic 
errors in these measurements. Similarly, the effects of 
the local environment need to be taken into account to 
interpret weak galaxy-galaxy lensing results, as well as 
to do precision cosmography based on lensing statistics. 

In previous Papers (I, II, IV, V) we showed that the 



SLACS lenses are statistically indistinguishable within 
the current level of measurement errors from control sam- 
ples in terms of properties such as size, luminosity, sur- 
face brightness, location on the Fundamental Plane, and 
weak lensing signal, and thus our results could be gen- 
eralized to the overall population of early- type galaxies. 
In this paper, we address the question of whether the 
environment of SLACS lens galaxies differs from that of 
non-lens galaxies with the same properties, using sam- 
ples of "twin galaxies" (or simply "twins") selected to 
have the same stellar velocity dispersion and redshift. 

The paper is organized as follows. In Section [2] we 
briefly review the SLACS sample, describe the selection 
of a sample of twin galaxies from the Sloan Digital Sky 
Survey (SDSS), and present our new measurements of lo- 
cal environment. In Section [3] we discuss whether the en- 
vironments of lens galaxies are special compared to those 
of non-lens galaxies with similar properties. In Section [4] 
we explore the dependence of the internal structure of 
early- type galaxies on the environment. In Section [5] we 
discuss our findings, and in Section [5] we provide a sum- 
mary. 

Throughout this paper magnitudes are given in the AB 
scale. We assume a concordance cosmology with matter 
and dark energy density O m = 0.3, £Ia = 0.7, and Hub- 
ble constant Ho=100/ikms~ 1 Mpc _1 , with h = 0.7 when 
necessary. 

2. SAMPLE SELECTION AND DATA ANALYSIS 

Section 12.11 summarizes the SLACS selection process, 
reviews the properties of the SLACS lenses analyzed in 
this study, and describes the selection of a control sample 
of "twins" from the Sloan database. Section l2~2l presents 
our measurements of environment. 

2.1. SLACS lenses and SDSS twins 

The sample analyzed in this paper is composed of the 
early-type lens galaxies identified by the SLACS Survey. 
We include all the 70 lenses classified as definite (grade 
"A"), including 63 successfully modeled as a single singu- 
lar isothermal ellipsoid. The seven unmodeled lenses (see 
paper V for details) include three classified as complex, 
i.e. where a single singular isothermal ellipsoid is not 
a good description due to the presence of a very close 
nearby companion. We do not exclude those from the 
sample not to introduce biases against high density en- 
vironments. The vast majority of the lenses are mor- 
phologically classified (paper V) as early-type galaxies 
(62/70), a small fraction are classified as disk galaxies 
(6/70), and 2/70 have ambiguous morphology. 

A full description of the SLACS Survey and the se- 
lection process — together with images of all the lenses 
discovered with the Advanced Camera for Surveys (ACS) 
— is given in papers I and V of this series (Bolton et al. 
2006, 2008; see also Bolton et al. 2004, 2005 and the 
SLACS website at www.slacs.org). For easy reference, 
we give here a brief summary. First, lens candidates 
are found in the SDSS database by identifying compos- 
ite spectra made of a quiescent stellar population and 
multiple emission lines at a higher redshift. The spec- 
tra are taken from the Luminous Red Galaxies sample 
(Eisenstein et al. 2001) and the MAIN galaxy sample (i.e. 
galaxies with r-band Petrosian magnitudes brighter than 
17.77 and r-band petrosian half-light surface brightness 
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brighter than 24.5 mag arcsec" 2 ; Strauss et al. 2002). 
Quiescent spectra are selected from the MAIN sample 
by imposing a limit on the rest-frame equivalent width 
of Ha < 4A. 

Second, the probability of the candidate being a lens as 
opposed to a chance overlap within the fiber is computed 
based on the SDSS stellar velocity dispersion, the lens 
and source redshifts, and an isothermal mass model. In 
this model, the probability of being a lens is a monotoni- 
cally increasing function of Einstein radius and therefore, 
for any given source and lens redshift, of velocity disper- 
sion. As discussed in Papers II and V, velocity disper- 
sion and redshift appear to be the two most important 
parameters characterizing the properties of the lenses. 

Third, the most promising candidates have been im- 
aged with ACS on board the Hubble Space Telescope 
(HST) to confirm the lens hypothesis (Programs 10174, 
10587, 10886). Confirmed lenses are followed-up with 
ACS and NICMOS to obtain deep three color images 
(Programs 10494, 10798, 11202). After the failure 
of ACS, Programs 10886, 10494 and 10798 have been 
switched to the Wide Field and Planetary Camera 2 
(WFPC2). The follow-up programs are still ongoing. 
The present analysis is based on the ACS dataset de- 
scribed in paper V. 

For each lens, the following quantities are available 
from Paper V: coordinates, redshift of the lens and 
source, F814W magnitude, rest-frame V-band magni- 
tude, effective radius, axis ratio, position angle, morphol- 
ogy, stellar velocity dispersion, and Einstein radius (as 
derived from a singular isothermal ellipsoid lens model). 

In order to compare the environment of SLACS lenses 
with those of non-lens galaxies, we randomly select for 
each SLACS lens a sample of 100 "twins," i.e. galaxies 
with virtually the same velocity dispersion and redshift. 
As discussed in papers I, II and V, SLACS lenses are 
not in general representative of the full parent sample, 
but appear to be effectively velocity dispersion selected. 
Therefore, to further investigate any selection bias due to 
lensing it is important to compare to a similarly velocity 
dispersion selected sample of twins. 

Note that the SLACS series adopts stellar velocity dis- 
persion measurements based on the specBS pipeline de- 
veloped by David Schle gel, with cuts in sig nal-to-noise 
ratio (see discussion in iBolton et al.l [200 8a). This es- 
timate is not available for a few of the lens galaxies. 
Therefore, in order to ensure uniform and self consis- 
tent measurements for all lenses, we use the standard 
stellar velocity dispersion from t he SDSS-DR6 database 
(jAdelman-McCarthv et £01 2008) as a matching parame- 
ter between lenses and twins. 

One hundred twins are found for each lens. Fifty twins 
are chosen to have velocity dispersion just above that of 
the lens and the remaining fifty have velocity dispersions 
just below that of the lens. This ensures an unbiased 
comparison sample (cf. discussion in papers II and V). 
The number of twins per lens is sufficiently high to make 
errors on the average properties of the comparison sample 
negligible with respect to those on the SLACS lenses. At 
the same time, one hundred twins are available for every 
lens and they are a tractable number for quality control, 
as described in § 12.21 

2.2. Environment measures 



We me asure two standard environment parameters 
(see, e.g.. lCooper et al.ll2005| ) using the SDSS database: 

i) the projected number density of galaxies inside the cir- 
cle of radius equal to the projected dist ance to the tent h 
nearest neighbor of the lens Eio (see iDresslerl fl980b) ; 

ii) the projected number density of galaxies within a 1 
h^ 1 Mpc radius circle D\ centered on the lens 9 . For 
brevity we refer to those two measures of environment as 
"local" and "global" density. We choose the term local 
and global to emphasize that £io is an adaptive measure 
that can be sensitive to overdensities on small scales, like 
subclumps or cores of clusters of galaxies, while D\ is by 
construction sensitive to overdensities on the typical scale 
of an entire cluster. Therefore in general we expect the 
dynamic range of Sio to be larger than that of D\. Both 
quantities are measured in units of Mpc -2 . 

In practice we proceed as follows. For each lens we 
query the SDSS database and retrieve a catalog (here- 
after "cone") of all the objects within a one hr 1 Mpc 
radius. In the present analysis we limit ourselves to the 
photometric catalogs, since spectroscopic catalogs are 
rather sparse (except for the lowest redshift lenses) and 
are biased by the fiber positioning strategy of the SDSS. 
We then select objects belonging to the environment of 
the le ns based on their m agnitude and photometric red- 
shifts (C sabai et al.ll20031 ). We adopt the following mag- 
nitude limits and redshift intervals: i' < i[ cns + 3, zi cns + 

C)Z lons > Z > Zi cns - Mens, with Sz lcas = 0.03(1 + Z lcns ). 

For brevity, galaxies within these magnitude and photo- 
z intervals are referred to as "neighbors." The magni- 
tude limit ensures that even the faintest galaxies in our 
environment samples are brighter t han i' = 21, ensur - 
ing accurate photometric redshifts (jCsabai et al.ll2003T ). 
while the redshift range represents a compromise between 
completeness and purity. In general, photo-z slices much 
smaller than our choice have to be discarded because 
they become smaller than photo-z accuracy and compa- 
rable with peculiar velocities expected in clusters, while 
photo-z slices much larger than our choice tend to dilute 
the signature of the local environment. We have veri- 
fied that our measurements are robust with respect to 
reasonable changes of magnitude cuts and photometric 
redshift slices. In order to prevent biases due to edge 
effects or gaps in the photo-z catalog (due, e.g., to bright 
stars) all catalogs are visually inspected. Four of the 
lenses have incomplete cones, leaving a total sample of 
sixty-six lenses with reliable environment measures 10 . 

We note that the absolute values of £10 and D\ de- 
pend on the adop ted magnitude and redshift limits (e.g. 
iTreu et afll2003h . Therefore, in order to interpret our 
environment measures we need to consider properly nor- 
malized quantities. To this aim, we perform the same 
measurements around pointings randomly selected from 
the SDSS archive. The average surface density of neigh- 
bors measured from one hundred random fields with the 
appropriate cuts in magnitude and redshift for each lens 
are referred to as (Sio) and (-Di), respectively for the 
two indicators. Note that the average density of the 

9 The arbitrary scale is chosen to represent the typical scale of 
a cluster. 

10 For six of the sixty-six lenses there are fewer than 10 neighbors 
within each cone (at least 7 in any case). In those cases the local 
density is set equal to the global density. Thus D± < Sio, by 
definition. 
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Universe is independent of the adopted aperture, so the 
two quantities are the same when averaged over random 
pointings. The uncertainty on the mean is also very sim- 
ilar, since a random cone of radius one h _1 Mpc con- 
tains approximately 10 galaxies for the typical magni- 
tude and redshift cuts of our survey. Throughout this 
study we will adopt as environment measures local and 
global overdensities defined as Eiq/( Eiq) and Di/jDj) , 
resp ectively. As discuss ed, e.g., by iHogg et all (2003) 
and ICooper et al.l (|2006[ ) this procedure allows one to 
compare data of different intrinsic depth. Furthermore, 
the distribution of density for the random fields allows 
us to estimate the uncertainty due to sample variance, 
photometric redshift uncertainties, and incompleteness. 
To be conservative, we adopt as errors on the overden- 
sity the sum in quadrature of the Poisson uncertainty on 
the density measures, and of the sample variance of the 
random fields as an upper limit to all other uncertainties. 

To address the issue of whether the environments of 
lenses are special, we perform the same measurements 
for the twins of each lens. After visual inspection to 
reject a few corrupted catalogs by bright stars or survey 
edges, we compute Eio and D\ for the twins. Table Q] 
lists for each lens Eio and D\, as well as the average 
of the same quantities measured for the random fields 
((E 10 ) = (D 1 )) ) and for the twins ((E 10 ) t and (D } ) t ). 

In addition, we compute the number of objects in each 
cone significantly brighter (i.e. %' < i[ cns — 1) than the lens 
to determine whether the galaxy is the central galaxy of 
the "cone" (and thus presumably of the halo associated 
with the overdensity) , or rather a satellite to a larger 
galaxy. The difference in magnitude is chosen as a com- 
promise to identify significantly more massive compan- 
ions while preserving enough statistics. Our conclusions 
are not changed significantly if a threshold of 0.5 or 1.5 
magnitudes is adopted instead. 

We define as "satellite" galaxies those with at least 
one neighbor brighter than the lens galaxy by at least 
one magnitude, and "central" galaxies all the others. In 
the remainder of this paper we will compare the proper- 
ties of satellite galaxies with those of central galaxies to 
asse ss whether th is affects their internal properties (see 
also lAugerll2008f l. The connection with the mass pro- 
file at larger radii, as determined from a joint weak and 
strong lensing analysis (paper IV), will be examined in 
future work. 

Figure Q] shows local overdensities versus global over- 
densities for the sample of lenses. Some of the lenses 
live in considerable overdensities, as may be expected for 
massive early- type galaxies. 

As a final check, we used the NASA Extragalactic 
Database to look for known clusters in the vicinity of the 
lenses. We restricted our search to known clusters within 
10 arcminutes, which is 20 times the typical Einstein ra- 
dius of a massive cluster at these redshifts. We expect 
that the shear and convergence contributed by massive 
clusters more distant on the sky than 10 arcminutes will 
be less than 2.5 percent at the location of the lens, and 
even less for groups, assuming conservatively an isother- 
mal profile. For comparison, this 10 arcminutes scale 
corresponds to approximately 2 Mpc at the typical red- 
shift of the SLACS lenses [z « 0.2), i.e. comparable 
to the virial radius of a l arge cluster where the shear is 
only a few percent (e.g.. lKneib et al1l2003l ). Therefore, 



we can safely neglect the more distant clusters in the 
present analysis. 

Table [T] lists for each match the name of the cluster, 
the distance on the sky in arc-minutes and the redshift 
of the cluster (if known). In case of multiple matches 
for one lens (frequently because the same cluster is iden- 
tified by more than one survey), we list the clusters in 
increasing order of three-dimensional distance from the 
lens. Clusters with no known redshift are listed last. We 
consider a cluster physically associated to a lens if the 
redshifts match to better than 0.02, where the interval is 
chosen to take into account the typical errors in pho to-z 
of SDSS based cluster searches (jKoester et al.ll2007l ). In 
support of the reliability of our environment measures, 12 
of the 13 lenses associated with known clusters do lie in 
overdense regions. The highest overdensity is associated 
with lens J1143-0144 and the known cluster Abell 1364 
(also identified by the C4 and MaxBCG surveys); a SDSS 
image of the field is shown in Figure 2. The only excep- 
tion is the lens J0252+0039, which is 6.6' from candidate 
group/cluster NSCSJ025225+003540 (estimated redshift 
z = 0.27). The candidate c luster is only detect ed by one 
of the methods applied by lLopes et al.l (|2004h (Voronoi 
tesselation) and is not visible in the SDSS image of the 
field. We therefore consider this group/cluster identifi- 
cation as spurious and ignore it in the rest of the paper. 
Visual inspection of the SDSS images of the other 12 
matches confirms their identification as groups/clusters. 

3. ARE THE ENVIRONMENTS OF LENSES SPECIAL? 

To quantify whether the environment of lenses are spe- 
cial, we compare in Figure [3] the distribution of normal- 
ized global and local galaxy density for the lenses and for 
the twins. To facilitate the comparison, the histogram 
for the twins has been renormalized to the number of 
lenses. Lens galaxies tend to live in overdense environ- 
ments - as indicated by the average values of D\/{D\) 
and Eio/(Eio) somewhat larger than unity - although 
the range is broad. This is expecte d due to the clustering 
of massive early-type galaxies (e.g. , iDavis fc Gellerlll976l : 
IHogg et all 120031 : ICoil et all 120081 : (Meneux et aTT f2008). 
However, the same holds for the twins. The distribu- 
tion of density measures appears to be indistinguishable 
for the two samples. The Kolmogorov-Smirnov statistic 
may suggest a marginal level of difference (the probabil- 
ity that Eio and D\ of the lenses and twins are drawn 
from the same distribution is ~ 8 — 9%). However, the 
average values do not seem to corroborate any difference: 
the mean local overdensity is somewhat larger for lenses 
than for twins (less than 68%CL), while the opposite is 
true for the global overdensity (at less than 95%CL). The 
distributions are skewed, with the average larger than the 
median due to the extended tail towards high densities. 
Therefore it is useful to compare the median and semi- 
quartile intervals, which are less sensitive to the tails of 
the distribution. The median (semi-interquartile inter- 
vals) of Eio/(Ei ) is 1.15 (0.59) for the lenses and 1.40 
(0.94) for the twins. The median (semi-interquartile in- 
tervals) of D 1 /{Di) is 0.90 (0.34) for the lenses and 1.03 
(0.42) for the twins. 

Thus, we conclude that - within the current measure- 
ment errors of our survey - lens galaxies live in the same 
environment as similar non-lens galaxies. Note that in 
principle our lenses are selected also on the basis of mag- 
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nitude and colors, at least for the luminous red galax- 
ies subset. However, our finding extends the conclusion 
of Papers II and V that the dominant parameter is ve- 
locity dispersion: once velocity dispersion is matched, 
lenses are indistinguishable from "twins." This is consis- 
tent with the tight correlation between velocity disper- 
sion and global pa rameters of early-type galaxies (e.g., 
iBender et alJ ll992). In conclusion, this result corrobo- 
rates our previous findings that SLACS lens galaxies are 
an unbiased sample of massive early-type galaxies, and 
our working assumption that our lens-based results can 
be generalized to the overall population. 

4. ENVIRONMENT AND INTERNAL STRUCTURE OF 
EARLY-TYPE GALAXIES 

In this section, we investigate the dependence of the in- 
ternal structure of lens galaxies on the environment. We 
first look in § 14. II at the mis-alignment between mass and 
light, which we expect to increase with increasing local 
and global density as a result of the external potential as- 
sociated with the large scale structure. In Section l4~2l we 
analyze the dependence of the slope of the mass density 
profile of the lens galaxy on environment, to probe tidal 
stripping of dark-matter halos. In Section |4~31 we study 
the run of projected mass with radius and the mass plane 
scaling law, in relation to the environment, as a probe of 
variations of internal structure and of extra mass associ- 
ated with overdensities. 

4.1. Alignment of mass and light 

In this section we compare the position angle of the 
best fit singular isothermal ellipsoid model with no ex- 
ternal shear to the position angle of the light distribution. 
Because of the significance of the stellar contribution at 
the scales probed by the Einstein radii of SLACS lenses, 
we expect that the two will be aligned if there is no sig- 
nificant external potential. Vice-versa, the r.m.s. ampli- 
tude of the misalig nment is a measure of the external per- 
turbi ng potential l|Keeton et all Il997t iKoopmans et al.1 
2006j). In Paper III we used the small r.m.s. amplitude 
of the misalignment to show that the average external 
shear must be smaller than 0.035 (see also Paper VII). 
In this Section we investigate trends with the environ- 
ment. 

Figures |4] and [5] show the offset between the position 
angle of the light and that of the mass distribution as 
a function of the local and global overdensity. As dis- 
cussed in Paper VII, the position angle can only be well 
measured if the light and mass distributions are not cir- 
cular and the lens model provides sufficient constraints. 
Therefore, only the 25 objects with significant ellipticity 
(axis ratio < 0.9) and with well measured mass PA (the 
"ring subset" ) are shown. 

The correlation between alignment and local and 
global environment is significant. Fitting for example 
a power law relation, we find sin 2 (APA) = (0.14 ± 
0.05) log(Di/(Di»+0.03±0.01 and sin 2 (APA) = (0.10± 
0.03) log(Eio/(Ei » + 0.02 ± 0.01. 

We do not expect a simple relation between the two 
quantities, as a galaxy sitting right at the center of a clus- 
ter could in principle experience no external shear. How- 
ever, in general, lenses in overdense environments will be 
more likely to be affected by nearby companions, causing 
a misalignment between the position angle of the stellar 



mass and that of the total gravitational potential, since 
the external perturber is presumabl y located in a random 
direction. Using Equation 22 from iKeeton et aTl (|1997f ) 
we estimate that for the mean mass axis ratio of our sam- 
ple (&/o)sie ~ 0.77, external shear of order 0.05-0.06 is 
needed to match the average observed sin 2 APA ~ 0.1 in 
the overdense regions, while external shear appears to be 
negligible in the underdense regions. Assuming that the 
external perturbers can be approximated to first order as 
singular isothermal spheres, this would mean that - even 
for the larger overdensities - the external contribution to 
the local surface mass density (convergence) is of order 
<10 % within the Einstein radius of the main lens. 

4.2. Mass density profile 

Figures [6] and [7] show fsiE - the ratio between the cen- 
tral stellar velocity dispersion <r* and that of the best 
fitting singular isothermal ellipsoid ctsie - as a function 
of the local and global overdensity. This ratio is a direct 
empirical measure of the local density slope, expected to 
be close to unity for isothermal profiles, larger than unity 
for st eeper slopes and smaller than un ity for flatter slopes 
(e.g- lTreu & Koopmansll2002al [2004 ). We thus use this 
quantity to study the effect of the environment on the 
local mass density slope of galaxies at kpc scales, since 
this is an excellent proxy for the total mass density slope 
7' (such that ptot oc r 1 ) measured fr om a full lensing 
and d ynamical model as described by IKoopmans et al.1 
(|2006h . Error bars on 7' are derived from the poste- 
rior probability distribution funct i on on the parameter 
as described by IKoopmans et alj |2006). The full re- 
sults of lensing and dynamical models will be presented 
in a forthcoming paper (Koopmans ct al. 2008, in prep). 
Figure [H] shows the goodness of the proxy for the 58 ob- 
jects in common between this study and Koopmans et al. 
(2008): 7' - 2 = (1.99 ± 0.07) (/sie - 1) + (0.006 ± 0.008) 
(see Figured]), for isotropic models. It is important to 
emphasize that ct* and ctsie are the in put to determinin g 
7' via a well defined set of equations (|Koopmansl l2005). 
Therefore, the errors are highly correlated along the di- 
rection of the best fit relation Sj'/j' ~ <5/sie//sie and 
the range covered by both quantities in Figure [8] is a rep- 
resentation of the intrinsic scatter as well as the obser- 
vational error. The small residual scatter in the trans- 
formation between 7' and /sie is due to the range of 
Einstein radius to effective radius ratios spanned by the 
SLACS sample. Note also that this best fit transfor- 
mation is obtained for isotropic models with Hernquist 
stellar profiles, and we expect it to be different for other 
types of models. Also, we would expect to find a different 
transformation when the average ratio between effective 
radius and Einstein radius is significantly diff erent, e.g. 
for the LSD sample (|Treu k, Koopmand 12001 . A com- 
prehensive analysis of 7', its statistical distribution and 
dependence on orbital parameters, as well as host galaxy 
properties, will be given in Koopmans et al. (2008, in 
prep). 

The plots show two basic facts. First, the correlation 
between local and global and environment and fsiE is 
not significant. Fitting a linear relation between fsiE and 
the logarithm of the local and global overdensities gives 
slopes of 0.02±0.03 and 0.10±0.06 respectively. If it were 
present, a correlation would indicate that mass density 
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profiles tend to be steeper in overdense environment per- 
haps as a result of tidal truncation of the galactic dark- 
matter halos by external fields (as suggeste d by some 
numerical simulations, e.g-. lDobke et alj |2007). The lack 
of correlations suggests that either the effect is not strong 
enough to be detected at the kpc scales probed by the 
SLACS Einstein Radii given the uncertainties in both the 
local slope and the environment measures, or that the 
contribution of the environment to the projected mass 
density is sufficient to counterbalance the effect. This 
latter explanation, however, does not appear to be sup- 
ported by the data, as the local density slope of the 
lenses belonging to known clusters is indistinguishable 
from that of the "isolated" central lenses (Figure 

Second, our result hints that the mass density profiles 
of "satellite" galaxies (identified by solid red points in the 
plots) may be steeper than those of "central" galaxies, 
consistent with the picture of tidal truncation (Figure [9]). 
The average /sie is larger for "satellite" galaxies than for 
"central" galaxies (approximately at 95%CL). However, 
a K-S test shows that the probability that the two distri- 
butions are drawn from the same parent distribution is 
non-negligible (7.5%) and therefore we caution that this 
difference may not be significant. In this sense, and in 
terms of ov erall significan ce, our finding agrees with that 
reported bv lAugerl (|2008l ) who studied the initial SLACS 
sample of 15 lenses, finding tentative evidence for steeper 
mass density profiles in overdense regions. As we discuss 
in the next section, an alternative or possibly comple- 
mentary explanation is that /sie is somewhat higher for 
the central galaxies as a result of an additional contribu- 
tion to the lensing mass by the dark-matter halo of the 
overdensity. 

4.3. Enclosed mass, external convergence and the 
average mass-density structure of early-type 
galaxies 

Finally, we study the radial dependence of mass en- 
closed within the Einstein radius as a function of lo- 
cal and global environment. As discussed in Paper VII, 
for an isolated galaxy described by a singular isothermal 
sphere total mass density profile, we expect the following 
relation: 



M(<R) R 
log = log — 



log 2c, 



c2-. 



(1) 



where Mdi m = &c 2-^e/2G is the "dimensional" mass, <7 e ,2 
is the stellar velocity dispersion corrected to an aper- 
ture of radius equal to half the effective radius R c , G 
is the gravitational constant, and c C 2 = 2 f? M i 2 - where 

M e2 is the projected mass enclosed by a circle of radius 
equal to one half the effective radius - is a dimension- 
less structure parameter that depend s on the profile an d 
anisotropy of the luminous tracer ( Nipoti et al.l [2008) . 
As shown in Figure [TOj Equation [T] is found to be a 
good description of the SLACS sample, with an intercept 
log 2c G 2 = 0.83 ± 0.01. For ty pical luminosity profiles, 
such as Ide Vaucouleursl (|1948l ) with close to iso tropic 
pressure tensor, logc e2 ~ 0.57 (|Nipoti et al.| [2008). con- 
sistent with the best fit value of the intercept of Equa- 
tion [TJ The dimensionless structure parameter can vary 
by as much as ~ 0.05 dex within the realm of physically 



plausible gala xy models, reproducin g the intrinsic scat- 
ter derived by Bo lton et al.l (|2008bf ) on the basis of the 
mass plane analysis. 

This description of the SLACS sample is approxi- 
mately equivalent of that in the terms of the mass plane 
(MP; i.e. the correlation between stellar velocity disper- 
sio n, effective ra d ius and surfa ce ma ss density) presente d 
by iBolton et all (|2007l l2008b[) and iNipoti et all ([20081) . 
since Eq Q] evaluated at R = R c /2 returns an equation 
very close to that describing the mass plane. 

We can use the scaling relation in Eq[T]to measure the 
effects of the environment in the form of an additional 
surface mass density 11 , i.e. external convergence in the 
language of gravitational lensing. If the lens galaxy can 
be described as an isothermal sphere plus a uniform sur- 
face mass density representing the first order expansion 
of the mass distribution along the line of sight from mate- 
rial not associated with the lens, the surface mass density 
profile of the lens becomes: 



1 ^Ein,0 

2 Rc. 



^CXt ! 



(2) 



where the surface ma ss density n is expressed as usual 
(e.g., [Schneider] I2006D in units of the critical density 

Sc "t = 4irGD d °D dB ( C 1S the S P eed ° f U S nt ' D »i Dd ' Dds 

are the angular diameter distances from the observer to 
the source, from the observer to the lens, and between 
the lens and the source, respectively). R,Ein,o is the Ein- 
stein radius that the galaxy would have if there was no 
external surface mass density contribution K ext . 

If we were to neglect the presence of the external sur- 
face mass density and model the galaxy as an isolated 
isothermal sphere, we would infer the following Einstein 
radius and Einstein mass: 



^?Ein = 



-REin.O 
1 — ^cxt 



M Ei „ = 



Mi 



Ein.O 



(1 - Kext) 5 



(3) 



expressed in units of the corresponding quantities for the 
isolated lens. Using lensing alone we would not be able 
to detect the presence of the external surface mass den- 
sity, due to the m ass-sheet degeneracy (jFalco et al]ll98i3 : 
iKochanekl I2006D . However, the external surface mass 
density modifies Equation [T] 



log — — = log + log 2c c2 - log(l - Kext), (4) 

obtained by combining Equations [3] and [TJ Therefore we 
can in principle measure the external mass distribution 
using this scaling law 12 . Vertical offsets from the average 
relation in Figure 1101 



A log 



M Ei 



= log 



M, 



Ein 



log 



Rev 

Rc 



0.83, 



(5) 



11 To avoid duplication, we only describe the trends of Equa- 
tion [T] with environment, the trends of the MP being effectively 
indistinguishable and less straightforward to interpret. 

12 This procedure is similar to that adopted by Koopmans et al. 
(2003) and Suyu et al. (2008) to break the mass-sheet degeneracy 
in measuring the Hubble constant by relying on stellar velocity 
dispersion measurements. 
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can be interpreted as due to the environment if c C 2 is 
constant. Note however that there is a degeneracy be- 
tween the dimensionless structure parameter c C 2 and 
K oxt , which should be kept in mind while interpreting 
any trend. 

To quantify any trends we show the offset from the 
average relation as a function of local and global over- 
density in Figure [TT] No significant correlation is found, 
suggesting that any environmental effect is smaller than 
our measurement errors. The slope of the relations 
A log M Ein /M dim = 77i,s 10 log£io/(£i ) + 77o,s 

10 and 

AlogM Ein /M dim = rj 1 . Dl logD 1 /{D 1 ) + r) , Dl are con- 
sistent with zero: 771, e 10 = —0.01 ± 0.03 and rji t o 1 

i i . f ) 7 ± 0.05. Thus, even in the highest density envi- 
ronments (Si /(Sio) ~ 100; Di/{Di) ~ 10), we do not 
expect the external contribution to the total mass to be 
more than 0.03 dex and 0.06 dex respectively, at the 95% 
CL, corresponding to external mass surface densities of 
less than K oxt ~ 0.07 and K C xt ~ 0.13, assuming that 
the dimensionless structure parameter is independent of 
environment. 

Considering special subclasses of objects, the satel- 
lite galaxies are below the average ((AMEi n /-Mdim)sat = 
—0.07 ± 0.03 dex; the difference with respect to cen- 
tral galaxies being —0.09 ± 0.03), while the galax- 
ies in known clusters are consistent with the average 
_((AM Ein /M dim = 0.02±0.02) clu ). These offsets could be 
interpreted as a combination of two effects: i) negative 
external mass contributions for the satellites (negative 
K ox t)j i-e. satellite galaxies living in underdense regions; 
ii) different c e 2 for satellite and central galaxies. Consis- 
tent with the analysis of the results presented in § 14.21 it 
seems that the most plausible interpretation of the offset 
between the satellite and central galaxies is the latter. 
This could arise for example from systematic changes 
of their internal structure due to tidal stripping of their 
dark-matter halos. However, a combination of the two ef- 
fects cannot be ruled out without more inf ormation, e.g. 
from spatially resolved stellar kinematics (|Czoske et al.l 
l2008h . 

The intrinsic scatter around the best fit relation (0.059 
dex along the vertical axis) is also of interest, because it 
allows us to set limits to the combined degree of inho- 
mogeneity in the internal structure of the lens galaxies 
and o n the external mass surface density. iNipoti et al.l 
(2008) used the small internal scatter of the relation to 
constrain log c C 2 and thus the internal structure of the 
lenses, neglecting the effects of external mass along the 
line of sight. Considering that part of the scatter may be 
due to fluctuations in external mass along the line of sight 
it is likely that this is an upper limit to degree of inho- 
mogeneity of the internal structure of early- type galaxies. 
Conversely, if we were to postulate that lens galaxies are 
absolutely homogeneous in their internal structure, the 
observed internal structure would imply an r.m.s. scat- 
ter of 0.05 dex in log(l — K cx t), i.e. ~ 0.1 in K cxt . We can 
therefore take this number as an upper limit to the r.m.s 
contribution of the external potential, in line with the 
expectations of theoretical ca lculations for imag e separa- 
tions of order one arcsecond (|Qguri et al.ll2005T) . 

5. DISCUSSION 

Our study addresses two issues which have gathered 
significant attention in the literature in the past few 



years: i) the role of the environment in the modeling and 
interpretation of gravitational lensing results; ii) the role 
of environment in shaping the structure and dynamics of 
galaxies. 

As far as the first issue is concerned, we find some evi- 
dence that lens galaxies tend to live preferentially in over- 
dense regions, although the scatter is large. As pointed 
out by a number of authors, this is expected since grav- 
itational lenses are typically massive galaxies and are 
therefore clustered. In fact, one of the main results of 
this paper is that the distribution of environments for 
lens galaxies and "twins" selected to have the same veloc- 
ity dispersions and redshifts are indistinguishable within 
the errors. This conclusion extends our previous finding 
that SLACS lenses are normal galaxies that just happen 
to be well aligned with a background source. 

Defining membership in groups/clusters either by 
the association of lens galaxies with group/clusters 
known to NED or by (somewhat arbitrary) cuts in 
overdensity (D 1 /(D 1 ) > 1 and £i /(£io) > 2) we 
find that approximately 20% of the SLACS lenses be- 
long to a known group/cluster (12/70 = 17±5% and 
13/66 = 20 ± 6%, respectively, according to the two 
definitions). This is in l ine w ith the theoretical es- 
timates by iKeeton et al.l (|2000f ) and somewhat lower 
than suggested by spectroscopic and photometric stud- 
ies of other samples of lenses, typically at higher red- 
shift (iFassnacht fc Lubml l2002t iMomcheva et alj 120061: 
Auger et al.l 120071 : IFassnacht et all 120071 : IWilliams et all 
2008), although a direct comparison of the frac- 
tion is difficult because of the different definitions of 
groups/clusters adopted by various studies. 

In addition, we find that the contribution of the envi- 
ronment to the potential of the SLACS lenses is small, 
typically undetected, reaching 10-20 % in surface mass 
density (corresponding to external shear and convergence 
of order 0.05-0.10) only for a few extreme cases. This is 
consistent with our previous studies that showed that 
SLACS lenses can be successfully modeled by singu- 
lar isothermal spheres without external shear, and at 
variance with other sample of lenses where substantial 
amounts of external shear are required for successful 
models (e.g.lHog;g_fcBlandfordlll994l : lKeeton et"aT1ll997l : 
Moustaka s et al.M2007l ) . Our result is also i n disa gree- 
ment with the study by iGuimaraes fc Sodrei (|200l who 
suggested significant external convergence for the SLACS 
sample based on simple one-component models (i.e. light 
traces mass), which are also ruled out by a number of 
other arguments as discussed in previous SLACS papers. 

The reduced role of the environment in the SLACS 
lenses with respect to other samples of lenses is likely to 
be due to the lower redshift of lens and source and con- 
sequently to the smaller Einstein radii both in terms of 
angular scales ((R.Em) = 1"2) and in terms of physical 
scales of the lens galaxies, typically half the effective ra- 
dius as opposed, e.g., to a few e ffective radii for the lenses 
studied by the LSD project (jTreu fc Koopmansl l2004f ) 
and the typical CASTLES lenses (jRusin et al.ll2003h . In 
addition, the SDSS fiber selection imposes effectively an 
upper cutoff to the im age separation, cor responding to 
< 2" (see discussion in lDobler et al.ll2008l ). in order for 
a sizeable fraction of the lensed flux to be captured by 
the spectrograph. The two effects work in the same di- 
rection, increasing the relative importance of the stellar 
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mass for the lens model with respect with other sample of 
lenses and ruling out the largest image separation lenses 
where the effects of gr oup and cluster en vironments are 
expected to be largest (|Qguri et al.l l2005). The low level 
of environmental contribution to the lens potential is a 
major benefit of the SLACS sample, reducing the risk of 
biased inferences on the structure of the lenses due to 
poor modeling of the environment (|Keeton fc Zabludoll 
2004). For example, if time variable phenomena are iden- 
tified in the SLACS lensed sources (e.g. active nuclei or 
supcrnovae) they would make excellent systems to deter- 
mine the Hubble constant from gravitational time delays. 

The environment and the distortion caused by external 
shear has often been considered one of the potential solu- 
tions t o the so-called "quad prob lem" (|Rusin fc Tegmarkl 
120011: iHolder fc Schechterl 120031 ). i.e. the abundance 
of the quadruply imaged lenses amongst radio-selected 
lenses (9/2 2 in the CLAS S surv ey, plus one system with 
six images; iBrowne et al.l (|2003[) ). The "quad-problem" 
is not o bserved for optically selected multiply imaged 
quasars (|Ogurill20"07t ). suggesting that the faint end slope 
of the luminosity function of the sources is different for 
radio and optically selected sources. The classification in 
doubles and quads is not so clear cut for SLACS, because 
of the extended nature and sometimes multiple compo- 
nents of the sources. However, if we base our classifi- 
cation on the criterion that the peak of the brightest 
source being inside or "on" the inner caustic, only 9/70 
(13 ± 5%) SLACS lenses are classified as quads 13 , sig- 
nificantly lower than the radio selected samples. Qual- 
itatively, this is in line with the expectations of models 
that do not require large amounts of e xternal shear (e.g., 
iRusin fc Tegmarkl 120011 : lOguril 12007ft . However, a full 
modeling of the SLACS source distribution and selection 
function is required for a quantitative comparison. This 
is left for future work, when we will analyze the proper- 
ties of the source galaxies in more detail. 

As far as the second issue is concerned, we do not find 
significant correlations between the internal properties of 
the lens galaxies and the environment. The only differ- 
ence, detected at 2-3 tr significance, is between central 
and satellite galaxies, in the sense that the latter have 
somewhat steeper mass density profiles than the former 
do. We argue that this may be interpreted as due to tidal 
truncation of the outer parts of t he galaxies, as suggested 
by numerical (iDobke et al.ll2007[) and observational stud- 
ies jlmpev et all 119981 : iTreu fc Koopmandl2002bt lAugeri 
2008). This finding extends at smaller scales previous 
evidence for tidal truncation at larger radii, based on 
the weak galaxy-galaxy lensing signal ([N ataraia n et al.l 
l2002bllGavazzi et alJl2004HNatarajan et al.ll2007h . How^ 
ever, current data cannot exclude the possibility that this 
trend is in part due to an extra amount of convergence 
from the larger-scale structure around central galaxies. 
In the future, we hope to break this degeneracy with 
high quality spatially resolved kinematics. In any case, 
the small intrinsic scatter in the slope of the mass den- 

13 The lenses were classified independently by T.T. and 
A.S.B.. The nine "consensus" quads are: J0405-0455, J0737+3216, 
J0912+0029, J0946+1006, J0956+5100, J1100+5329, J1106+5228, 
J1402+6321, J1420+6019, J2300+0022. Three additional lenses 
are classified as quads by only one of two classifiers, J0956+5100, 
J1103+5322, J2341+0000, possibly increasing the fraction to 
12/70, i.e. 17 ± 5% 



sity profiles and around Equation [T] (or equivalently the 
MP) shows that SLACS lenses are both highly homo- 
geneous in their internal structure and suffer from little 
contamination by large scale structures along the line of 
sight. 

A limitation of this study is the reliance on photometric 
catalog of galaxies as tracers of the environment. X-ray 
data and spectroscopic redshifts for a substantial fraction 
of the objects in each field are needed to make further 
progress, by providing accurate position and masses for 
the groups and clusters in the vicinity of the lens and 
therefore an independent estimate of the external con- 
vergence and shear. X-ray data in particular would be 
needed to detect fossil groups. 

6. SUMMARY AND CONCLUSIONS 

We have used the SDSS database to measure the envi- 
ronment around seventy strong gravitational lens galax- 
ies selected from the SLACS Survey. We adopt two stan- 
dard estimators: the surface density of galaxies within 
the tenth nearest neighbor (Sio) and the density of galax- 
ies within a cone of radius one /i _1 Mpc (Z?i). Both are 
normalized in terms of the corresponding quantities for 
random fields, and are referred to as "local" and "global" 
overdensities. For comparison purposes, we also selected 
from the SDSS database a sample of 100 "twins" for each 
lens galaxy, i.e. galaxies with virtually the same redshift 
and velocity dispersion. The new observables are com- 
bined with measurements of internal properties of the 
lens galaxies from SLACS papers to investigate the re- 
lationship between early-type galaxy structure and envi- 
ronment. The main results of this study can be summa- 
rized as follows: 

1. SLACS lens galaxies appear to live generally in 
somewhat overdense environments. Twelve of the 
seventy lenses (17 ±5%) are associated with known 
clusters/groups at the same redshifts. This is con- 
sistent with the notion that lens galaxies are mas- 
sive and therefore clustered. 

2. The distribution of overdensities for SLACS lens 
galaxies is consistent within the errors with the cor- 
responding distribution for "twin" non-lens galax- 
ies. This is consistent with lens galaxies being an 
unbiased population of massive early-type galaxies 
with respect to their environment. 

3. The misalignment of mass and light is found to cor- 
relate with the local overdensity of galaxies. The 
misalignment is negligible for most lens galaxies ex- 
cept for those in the most overdense regions. Ran- 
domly oriented external shear of order of 0.05-0.06 
is required to reproduce the observed misalignment 
in the most overdense environments. 

4. The small departures from the average relation be- 
tween Einstein mass, scaled by dimensional mass, 
and Einstein radius, scaled by the effective radius, 
support the previous conclusions. The contribu- 
tion of the environment to the local potential of 
the main lens is estimated to be below the current 
detection threshold for most lenses except for those 
residing in the densest environments where it can 
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reach at most 10-20% in terms of surface mass den- 
sity at the Einstein radius (0.05-0.1 external con- 
vergence) . 

5. No significant correlation is found between local 
and global overdensity and measures of internal 
structure, such as the slope of the total mass den- 
sity profile — quantified in terms of /sie — and the 
difference between the observed Einstein mass and 
that predicted based on dimensional mass, effec- 
tive radius, and Einstein radius. Thus - within the 
current level of precision - the internal structure of 
early-type galaxies does not appear to be biased by 
projection effects. 

6. The properties of "satellite" galaxies (i.e., those 
with a nearby companion with i' < i[ cns — 1) are 
found to be different than those of "central" galax- 
ies at the 95-99% CL. The average slope of the 
total mass density profile is /sie = 1-12 ± 0.05 for 
the satellites and 1.01 ± 0.01 for the central galax- 
ies. Similarly, the ratio between Einstein Mass and 
Mdim — as a function of the Einstein radius in 
units of the effective radius ratio — is 0.09 ± 0.03 
dex lower for the satellites with respect to the cen- 
tral galaxies. This suggests that the outer parts of 
satellite galaxies are perturbed by the environment 
down to the kpc scales probed by strong lensing, 
consistent with tidal stripping. 
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Fig. 1. — Distribution of environment estimators for the SLACS sample. Matches with known groups/clusters are identified by blue 
open stars. Red solid points identify "satellite" galaxies, as described in the main text. The lens with the highest overdensity (J1143-0144) 
is known to be part of the optically selected cluster Abell 1364 (Figure [2} • The lens associated with a known group/cluster at the lower 
end of the overdensity range (J0252+0039; identified by a dashed blue star), is associated with cluster candidate NSCSJ025225+003540. 
Inspection of the field via SDSS multicolor images shows no sign of a cluster near. We thus consider this identification as spurious (see text 
for details). 




Fig. 
is left. 
0.109). 



2. — Field around the lens J1143-0144 as imaged by the SDSS. Spectroscopic targets are identified by crosses. North is up, East 
The redshifts are consistent with that of the main lens (0.106; at the center of the field); from left to right they are 0.104, 0.106, 
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Fig. 3. — Distribution of overdensity of galaxies for the SLACS sample (solid histogram) and the control "twins" (dashed histogram). 
Two measures of environment are used: 1) Sio the number density within the area enclosing the ten nearest neighbors (upper panel); 
2) Di the number density of galaxies inside a cone of radius one h~ 1 Mpc. Both quantities are normalized to the average values for the 
universe using random lines of sight. Both lenses and twins are found in overdense regions as expected for massive early-type galaxies. 
However, the two distributions are statistically indistinguishable, as discussed in Section 3. Within the uncertainties, lenses live in the 
same environments as non-lens early-type galaxies. 
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Fig. 4. — Misalignment between the major axis of the optical light and that of the best fitting singular isothermal ellipsoid (APA) as a 
function of local overdensity. The subset of objects for which position angles can be accurately measured is shown (i.e. axis ratio of the 
optical light < 0.9 and belonging to the "ring subsample" as described in Paper VII). As in the rest of the paper red solid symbols identify 
"satellite" lens galaxies while black empty symbols identify "central" lens galaxies. Blue empty stars identify lenses associated with known 
clusters. The misalignment observed in overdense regions can be explained as due to randomly aligned external shear of order ~ 0.06. 
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Fig. 5.— 



As in Figure [4] for global overdensity instead of local overdensity. 
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Fig. 6. — Ratio between central stellar velocity dispersion and that of the best fitting singular isothermal ellipsoid as a function of the 
local overdensity parameter. No significant correlation is found. "Satellite" lenses are indicated by red solid symbols, while black empty 
symbols indicate "central" galaxies. 




Fig. 7.— 



As in Figure \E\ for global overdensity instead of local overdensity. 




Fig. 8. — Transformation from /sie to slope of the total mass density profile 7' (from Paper IX, Koopmans et al. 2008). The best fit 
linear relation is shown as a solid red line: 7' - 2 = (1.99 ± 0.07) (/sie - 1) + (0.006 ± 0.008). 
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Fig. 9. — Distribution of the ratio between central stellar velocity dispersion and that of the best fitting singular isothermal ellipsoid for 
central (solid black histogram) and satellite (dashed red histogram) lens galaxies. Satellite lenses have somewhat steeper average density 
slopes. See 14. 21 for discussion. 
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Fig. 10. — Projected mass inside the Einstein radius, normalized by dimensional mass, as a function of the Einstein radius in units of 
the effective radius. For an isothermal model a linear relation is expected (thin dotted green line; Bolton et al. 2008b). The best fit line 
(thick solid magenta line) is consistent with a linear relation. Symbols, as in the other figures, identify satellite galaxies (red filled squares) 
and galaxies associated with known clusters (blue open stars). 
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Fig. 11. — Residuals from the isothermal scaling (A log -MEin/A^dim) as a function of local (bottom) and global (top) ovcrdensity. Symbols, 
as in the other figures, identify satellite galaxies (red filled squares) and galaxies associated with known clusters (blue open stars). 



